SUMMARY Classical conditioning is one of the most fundamental forms of learning, and yet little is known regarding the effects of brain injury on conditioning processes in humans. Three patients with temporal lobe lesions and severe memory problems were therefore assessed in terms of eyeblink conditioning, extinction, discrimination and reversal learning, and in one patient electrodermal conditioning was also investigated. The acquisition of conditioned responses was seen to be intact, but the evidence regarding extinction was ambiguous. All of the patients were impaired in discrimination learning and also reversal learning.
Classical conditioning is one of the most fundamental forms of learning, and has been important in theories of both experimental psychology' and clinical psychology.2 Classical conditioning techniques have also been extensively applied in pharmacological research3 and have formed the basis of many early neuropsychological investigations into the effects of brain lesions in animals. 4 It is known, for instance, that classical conditioning can survive even complete cerebral decortication in the rat and the rabbit,56 although in these same animals classical conditioning may be abolished or impaired following lesions of the cerebellum' or limbic structures. 8 9 It is therefore surprising that little is known about classical conditioning in the brain-injured human, especially since a great deal is known about classical conditioning in healthy subjects. '' " To our knowledge only two attempts have been made to study classical conditioning in patients with brain lesions. The first was a single case study involving H.M., the well-documented patient who suffered total anterograde amnesia following bilateral mesial resection of the temporal lobes.'2 H.M., however, failed to show phasic electrodermal responses to the unconditioned stimulus (UCS), an electroshock, in a procedure designed to condition the galvanic skin response to a neutral stimulus, and thus the experiment had to be terminated. '3 In the only other study in this field, Weiskrantz and Warrington '4 demonstrated unimpaired classical conditioning in two severely amnesic patients, using an eyeblink conditioning paradigm. The patients showed adequate development of conditioned responses (CRs) despite being unable to report from memory the actual stimulus contingencies.
This second study raised further issues. First, the subjects' eyeblink movements were not directly recorded, but were evaluated on the basis of videos. This did not allow a detailed analysis of latencies of blink onsets which is crucial in determining the nature of the blinks.' Second, the criterion for the occurrence ofa CR was blink onsets starting from 100 ms after the onset of a conditioned stimulus (CS) which consisted of a combined light-tone signal. Recent studies, however, use much stricter latency criteria for the occurrence of an eyeblink CR.'s Blinks with onsets up to 250 ms after CS onset might have to be regarded as reflex blinks to the conditioned stimulus rather than conditioned responses.'°T he present study therefore aimed to replicate the findings of Weiskrantz and Warrington, using more refined recording and analysis techniques, and employing electrodermal conditioning as well as eyeblink conditioning. In addition, conditioning performance was extended to the investigation of extinction, discrimination and reversal learning paradigms, since these have been found to Experimental schedule Patients were presented with a series of reinforced and unreinforced trials, using a reinforcement schedule of 2:1. A reinforced trial consisted of a 6 s signal light (S + ) followed by a 1 s gap and an 800 ms tone (1000 Hz, 65 db sound pressure level) presented binaurally through headphones.
The unconditioned stimulus (UCS) was a corneal airpuff (41 kPa) to the right eye, presented through a nozzle mounted on the goggles worn by the subject. The puff onset was 720 ms after the tone (conditioned stimulus, CS), lasting 80 ms and terminating with the tone. Mean inter-trial interval was 20 s. An unreinforced trial consisted of a different colour which was any incomplete closure of the eyelid occurring 100 ms or later after CS onset (a tone-light combination). The present criterion was chosen to avoid the scoring of reflex blinks to the conditioned stimulus, which might occur up to 250 ms after stimulus onset.'0 For Patient 1, skin resistance was recorded from the middle phalanges of the index finger and the middle finger of the left hand using Ag/AgCl electrodes and an electrode paste which contained 0 05 M NaCl in a cellulose base. The current was 10 uA. Skin resistance was stored on tape and submitted to off-line analysis using the software package SARA. '9 Procedure Patients were told that they were taking part in a memory test. They would see some lights, hear some noises and occasionally get a puff of air to the eye which would not be harmful or painful. They were instructed not to close their eyes deliberately but to watch all the things that happened, because they would be questioned about the procedure afterwards. Patient I received a simple conditioning schedule consisting of 30 trials (20 reinforced trials (S+) and 10 unreinforced trials (S-)), in sequences of S+S+S-. This acquisition phase was followed by an interview consisting of initial free recall ("Tell me what happened in the test") and a sequence of structured questions to assess memory and awareness about stimulus contingencies (such as "Did you see any lights?", "Did the bleeps come before or after the lights?" "Was the bleep always followed by an airpufi?", "When the red lights came on, was there an airpuff after the bleep?"). This interview lasted about 10 min and was followed by six reacquisition trials and 12 extinction trials. Then a 30 trials reversal phase followed in which the light that previously signalled the "tone only" condition now signalled the tonepuff combination. The light that previously signalled tone/ puffnow signalled the "tone only" trials. Following reversal, a final extinction phase was presented. Each extinction stage and the reversal stage were followed by interviews about stimulus contingencies. Patients 2 and 3 received 36 conditioning trials (24 reinforced (S +), 12 unreinforced (S -) trials), with S + and S -trials presented in random order. Acquisition was followed by an interview (see above) and 36 reversal trials. The reversal group.bmj.com on November 5, 2016 -Published by http://jnnp.bmj.com/ Downloaded from Classical conditioning in patients with severe memory problems learning stage was again followed by an interview about stimulus contingencies and an extinction stage consisting of six reacquisition and 12 extinction trials. Testing ended with a final interview about the extinction stage. Patient 3 had taken part in a pilot investigation for the present study involving eyelid conditioning which had been carried out 3 months before the present testing. On second testing he said that he remembered having been in the laboratory before "for some tests", but he could not remember any details about the tests. Kayata' reported first CRs to occur on average on trials 5 to 10 using a similar paradigm in a study with normal volunteers.
Development of conditioned responses over blocks of trials
The number of conditioned responses (CRs) to the tone (combining reinforced and unreinforced trials) over blocks of six trials is presented in the fig. In the initial acquisition phase, all patients showed a typical learning curve, with response rates increasing from earlier to later blocks of trials. Patient extinction phase, after reversal. Patient 2 showed a small decrease from reacquisition to extinction, though the CR frequency is still very high at the end of extinction. Patient 3 showed a large decrease across reacquisition and the earlier extinction trials to the later trials. Discrimination When responses on S + and S -trials were considered separately, the following pattern emerged: during acquisition, all patients showed similar CR rates on both S + and S -trials or even a somewhat higher response rate on S -trials (see table). The response rates for S + trials are similar to those observed for healthy volunteers20, but the S -response rates found in the patients are considerably higher.
Reversal
The CR rates for the reversal learning stage are presented in the table. As in discrimination, the patients had similar CR rates on both trial conditions, or showed higher responding on S -trials.
Awareness ofstimulus contingencies
All patients correctly recalled the colours of the signal lights and reported that they had heard tones and received air puffs to the eye. Patients 2 and 3 answered correctly that the lights preceded the tones, and that The question as to whether normal extinction occurred, cannot be answered in the light of the present observations. Patient 3 showed clear evidence of extinction, whereas the extinction curves for Patients 1 and 2 are ambiguous and do not demonstrate decreasing responding over trials.
It clearly emerged from the present results that none of the patients was able to show discrimination learning with regard to conditioned responses. The poor performance is mainly due to the very high response rates on S -trials. Performance is unrelated to awareness of the stimulus contingencies. These findings might be explained by the fact that the patients associated the airpuff with the tone, but did not make this association conditional on a preceding stimulus (the red or green light). This procedure leads to responding to the tone, irrespective of whether the tone had been preceded by a S + or a S -. The results would thus indicate a failure on conditional responding which is in line with the animal literature on hippocampal lesions,9 from which we assume the patients suffer, given the temporal lobe damage substantiated by EEGs and CT.
Interestingly, Patient 1 showed some evidence of discrimination as regards electrodermal CRs in the initial acquisition stage, although unaware of the stimulus contingencies. It is difficult to evaluate the significance ofelectrodermal CRs, as they do not serve a specific purpose. In comparison, conditioned eyeblinks lead to the closure of the eyelid and thus to an avoidance of the direct impact of an aversive stimulus (airpuff), whereas increased electrodermal responding mirrors a rather non-specific increase in arousal. Further experimental evidence is needed before any conclusions on electrodermal discrimination can be drawn. The same holds for reversal learning: as no discrimination learning occurred in the first place, the results from the reversal learning stage of the experiment cannot be discussed in the light of the "reversal learning" concept.
Further work is needed to clarify whether patients with temporal lobe damage would eventually display a conditional discrimination given considerably more learning trials than employed in the present paradigm
